Introduction {#Sec1}
============

It is estimated that 65 % of fatalities in Old World camels (OWC, i.e., *Camelus dromedarius* and *C. bactrianus*) and 50 % in New World camelids/South American camelids (NWC/SAC, i.e., the domestic alpaca (*Vicugna pacos*) and llama (*Lama glama*)) are caused by infectious diseases (Wernery and Kaaden [@CR82]). In the past, camels were used mainly for transportation beside their role as the main source of milk and meat for pastoralists. Dromedary camel in sub-Saharan Africa was traditionally known to be reared in the arid and semiarid lands. Due to aridity and desertification, they obliged to move to the higher rainfall areas side by side with other domestic livestock and wildlife. This change resulted in exposure of camels to diseases that were uncommon in their natural habitat such as dermatophilosis, tick paralysis, trypanosomosis, and brucellosis. The situation in Niger, Chad, and Sudan is an example where diseases like contagious ecthyma, trypanosomosis, and tick paralysis have become very serious with increased mortality rates due to the migration of camels south of their well-known camel belt. Drought in the Sahel and the Horn of Africa has also brought pastoralists closer to urban centers, and sales of camel milk became their main source of cash income. Due to an increased demand of urban populations of many countries, particularly in North Africa and the Middle East for camel milk, many dairy farms are established in intensive and semi-intensive systems. This development may be responsible for making camels more susceptible to certain disease. Brucellosis, enterotoxemia, and Johne's disease are examples of these diseases. A similar situation could be envisaged for an increased incidence of enterotoxemia in camels when raised in an intensive husbandry system as in the UAE (Wernery and Kaaden [@CR82]) or Syria (Khalafalla AI [@CR82], personnel communication). Changes in animal husbandry related to increasing camel contacts with other animal species, such as equids, may cause disease emergence. Examples of newly emerged diseases of camels resulting from sharing premises with equines are glanders (Wernery et al. [@CR84]), melioidosis (Wernery et al. [@CR83]), and *Rhodococcus equi* infection (Kinne et al. [@CR53]). Another factor that may contribute to the emergence of camel diseases is the migration into new habitat that never was reached before by camels (Faye and Vias [@CR90]).

Emerging Viral Diseases of Camels {#Sec2}
=================================

Camelpox {#Sec3}
--------

Camelpox is the only camel disease included in the OIE's list of reportable diseases. A chapter on camelpox has been recently added to the OIE's manual of terrestrial animal diseases, following its endorsement by OIE's assembly during the general session of May 2014. A special research interest in camelpox has resulted in numerous publications on different aspects of the disease and the causative virus. This is mainly attributable to the resemblance of the CMLV to small poxvirus (Baxby [@CR88]). Interestingly, the CMLV is recently becoming the subject for studies on antiviral therapies (Duraffour et al. [@CR89]), cellular ion channel analysis, and apoptosis.

Camelpox is a highly contagious skin disease and the most frequent infectious viral disease of the camelids that occurs in almost every country in which camel husbandry is practiced (Fig.[20.1](#Fig1){ref-type="fig"}). Outbreaks have been reported in Asia (Bahrain, Iran, Iraq, Oman, Saudi Arabia, the UAE, Yemen, Syria, Afghanistan, southern parts of Russia and India, and Pakistan) and in Africa (Algeria, Egypt, Ethiopia, Kenya, Mauritania, Morocco, Niger, Somalia, and Sudan). The disease is endemic in these countries, and a pattern of sporadic outbreaks occurs with a rise in the seasonal incidence usually during the rainy season (OIE [@CR67]). The disease was recently reported from Saudi Arabia (Yousif [@CR86]), India (Bhanuprakash et al. [@CR15]; Bera et al. [@CR13]), Ethiopia (Ayelet et al. [@CR11]), and Iran (Mosadeghhesari et al. [@CR63]).Fig. 20.1Distribution of reported outbreaks of the important camelids diseases

### The Etiology {#Sec4}

Camelpox is caused by the camelpox virus (CMLV), which belongs to the genus *Orthopoxvirus* (OPXV) of the subfamily Poxvirinae in the family Poxviridae. Phylogenetic analysis of CMLV revealed that CMLV is most closely related to variola virus (VARV), sharing all genes involved in basic replicative functions and the majority of genes involved in other host-related functions (Afonso et al. [@CR4]; Gubser and Smith [@CR38]).

### Clinical Picture {#Sec5}

The disease is species specific and characterized by localized or generalized pox lesions that vary in severity in correlation with age of affected animals (Khalafalla and Mohamed [@CR91]). Pox lesion of various stages may develop, particularly on the face, the neck, and under the tail (Fig. [20.2](#Fig2){ref-type="fig"}). Other symptoms include fever and lymph node enlargement. Abortion rates may reach 87 %, as observed by Al Zi'abi et al. ([@CR10]) in Syria.Fig. 20.2Early skin lesion of camelpox in dromedary camels

### Diagnosis {#Sec6}

The presumptive diagnosis of camelpox infection can be made based on clinical signs. However, infections of camels in the early clinical stages and in mild cases should be differentiated from contagious ecthyma, which is caused by a *Parapoxvirus* (PPV), papilloma virus infections, and insect bites (Khalafalla et al. [@CR49]; Bhanuprakash et al. [@CR15]). Various laboratory techniques are available for the diagnosis of camelpox including virus isolation, electron microscopy, serology, and polymerase chain reaction (PCR).

### Zoonotic Potentiality {#Sec7}

It has been over 106 years since camelpox was first described in Punjab, India, in 1909 (Wernery and Kaaden [@CR82]), but the zoonotic nature of the CMLV remained a debate. According to Baxby ([@CR12]), CMLV is different from the VARV, the causative agent of smallpox, and is incapable of infecting man. Kritz in Somalia (Kritz [@CR54]) described the first report of a case of human camelpox. The case was a 40-year-old camel herder who developed lesions resembling those of smallpox in June 1978. From the 1970s until recently, it has been well accepted that CMLV rarely infects humans (Duraffour et al. [@CR29]). This is probably due to the cross-immunity induced via smallpox vaccination that ended in the late 1970s. It was therefore postulated that human camelpox may become more common as the immunity of the human population wanes (Duraffour et al. [@CR29]). Human population more than three decades after cessation of the smallpox vaccination has lost protection against that deadly virus and all zoonotic infections caused by human and animal OPVs as well. The first conclusive evidence of zoonotic CMLV infection in humans, associated with outbreaks in dromedary camels, has been recently reported in India where three human cases of camelpox have been reported (Bera et al. [@CR13]). They were detected in animal handlers during an outbreak of camelpox, and the lesions were confined to the hands and fingers of camel handlers and passed through all the stages of pox lesions until the formation of scabs. These are the first confirmed cases of zoonotic camelpox as infection was diagnosed by conventional PCR and seroconversion. Additional four cases of camelpox in humans (camel herders) were detected recently in 2015 in Showak area of Eastern Sudan (Khalafalla et al. [@CR51], Vector borne & Zoonotic Diseases, accepted) (Fig. [20.3](#Fig3){ref-type="fig"}).Fig. 20.3Lesion of camelpox on hand of a camel herder, Sudan

Rift Valley Fever (RVF) {#Sec8}
-----------------------

Rift Valley fever is an acute viral, mosquito-borne disease that affects domestic animals (such as sheep, cattle, and goats) and humans distributed in sub-Saharan African countries and the Arabian Peninsula.

RVF is caused by an RNA virus of the family *Bunyaviridae*, genus *Phlebovirus*. Camels have been regularly involved in the RVF epidemics in East Africa and Egypt. However, clinical disease is not seen in adult camels, but abortion occurs and some early deaths have been observed (OIE [@CR67]). Serological evidence of dromedary camel infection with RVF was documented. According to Davies et al. ([@CR25]), camel sera collected after an epizootic of Rift Valley fever in Kenya revealed positive sera with high titers of serum neutralizing antibody found in 22 % of camels at one of the seven sampling sites. Furthermore, the demonstration of specific IgG antibodies in camels (Nabeth et al. [@CR65]) indicates that these animals are naturally infected. The disease emerged in Egypt in 1977, in Mauritania in 1998 (Nabeth et al. [@CR65]), and in the Arabian Peninsula in 2000 (Abdo-Salem et al. [@CR2]). In addition, the disease reappeared in Kenya in 2006/2007 (Bird et al. [@CR17]). It also involved camels beside sheep, goats, and humans, again with abortion as the only clinical symptom.

Recently, El Mamy et al. ([@CR31]) have reported confirmatory evidence for a field camel infection with RVF. In September of 2010, an RVF outbreak occurred in northern Mauritania involving mass abortions in small ruminants and camels (*Camelus dromedarius*) and at least 63 human clinical cases, including 13 deaths. In camels, serological prevalence was 27.5--38.5 %, and for the first time, clinical signs other than abortions were reported in this species, including hemorrhagic septicemia and severe respiratory distress (Fig. [20.4](#Fig4){ref-type="fig"}). Phylogenetic analyses of the genome of isolates from camels suggested a shared ancestor between the Mauritania 2010 strain and strains from Zimbabwe, Kenya, South Africa, Uganda, and other strains linked to the 1987 outbreak of RVF in Mauritania.Fig. 20.4Clinical symptoms of Rift Valley fever in dromedary camels during in Mauritania. (**a**) Conjunctivitis and ocular discharge, hemorrhages of the gums, and edema of the trough, (**b**) hemorrhages of gums and tongue (Courtesy of Dr. Ahmed El Mamy)

Peste Des Petits Ruminants (PPR) {#Sec9}
--------------------------------

Peste des petits ruminants (PPR) is a highly contagious disease of sheep and goats which has recently reemerged and is now found widely distributed through large parts of Africa, the Middle East, and Asia. The disease is characterized by severe pyrexia, anorexia, ulcerative necrotic stomatitis, diarrhea due to purulent oculo-nasal discharge, and respiratory distress.

### The etiology {#FPar1}

The disease is caused by the peste des petits ruminant virus (PPRV), which belongs to the *Morbillivirus* genus of the paramyxovirus family of viruses. PPRV is a non-segmented negative-strand RNA virus closely related to the rinderpest virus of cattle and buffaloes, the measles virus of humans, the distemper virus of dogs and some wild carnivores, and the morbilliviruses of aquatic mammals. To date, genetic characterization of PPR virus strains has allowed them to be categorized into four groups: three from Africa and one from Asia. This virus has a particular affinity for lymphoid tissues and epithelial tissue of the gastrointestinal (GI) and respiratory tracts, where it produces characteristic lesions.

### PPR in camelids {#FPar2}

Camels were not reported as possible hosts to PPR until Ismail and coauthors (Ismail et al. [@CR46]) in Egypt detected the infection through serology in Sudanese camels. The first documented outbreak of PPR in camels reported from Ethiopia in 1996, consisted of a highly contagious respiratory syndrome with elevated morbidity and low mortality rates (Roger et al. [@CR75], [@CR76]). Consecutive outbreaks of a similar disease occurred in Eastern Sudan in 2004 and later in Somalia and Kenya. Though investigations in Somalia and Kenya were inconclusive and failed to identify the real causative agent, the disease in Sudan was diagnosed as a PPR virus (small ruminant virus) infection (Khalafalla et al. [@CR50]). The incriminated virus belongs to the genus *Morbillivirus* in the family *Paramyxoviridae*---a group of RNA viruses characterized by continuous evolution and species jumping. Newly evolved viruses in this family include phocine distemper virus and Hendra virus, formerly called equine *Morbillivirus* (Earle et al. [@CR30]).

The clinical and epidemiological picture of the previous PPR-suspected or PPR-confirmed outbreaks in northeast Africa is not similar. At least two forms can be identified: a per acute disease characterized by sudden death, abortion, and diarrhea with a high mortality rate occurred in the region during 2004--2007 (Gluecks and Younan [@CR37]; Dawo [@CR26]; Khalafalla et al. [@CR50]), whereas the early outbreaks (1992--1996) showed an acute respiratory disease with low mortality rates (Roger et al. [@CR75]). The presence of more than one form points to involvement of other pathogens as secondary invaders or to the genetic variations of the causative virus. The last hypothesis was verified by detecting lineage III of PPRV from camels in Ethiopia in 1997 and lineage IV from camels affected by PPRV in 2004 in Sudan (Kwiatek et al. [@CR55]). Kwiatek and coworkers ([@CR55]) suggested that a virulent lineage IV strain might have been introduced in Africa during the 1990s, resulting in outbreaks in both camels and small ruminants.

Clinically the disease is characterized by sudden death of apparently healthy animals and yellowish and later bloody diarrhea and abortion (Fig. [20.5](#Fig5){ref-type="fig"}). Death has been always sudden and proceeded with colic and difficulty in respiration. Mortality rate ranges between 0 and 50 % and vary in accordance with the area with a mean of 7.4 %. More than 80 % of deaths were in pregnant and recently delivered she-camels.Fig. 20.5Carcasses of camels died of PPRV infection scattered in northern Butana, Sudan in 2004

Middle East Respiratory Syndrome Coronavirus Infection in Dromedary Camels {#Sec10}
--------------------------------------------------------------------------

Middle East respiratory syndrome coronavirus (MERS-CoV) is an emerging pathogen associated with severe respiratory symptoms and renal failure in infected persons. Saudi Arabia is the country most severely affected by the virus and is where the first recognized case was reported in September 2012. The origin of MERS-CoV remains a mystery. Phylogenetic analyses of complete and partial genome sequences by Cotten et al. ([@CR23]) enabled estimates of the timing of introduction and geographic distribution of distinct virus clades. The authors proposed that MERS-CoV emerged in humans in 2011 and noted that sequence divergence among clades is consistent with multiple sporadic introductions of the virus into the human population, presumably from an animal reservoir (Alagaili et al. [@CR6]).

Early observations that some MERS-CoV infected people had exposure to camels suggesting a possible role of this animal as an intermediate reservoir host (Milne-Price et al. [@CR61]; Albarrak et al. [@CR7]; Drosten et al. [@CR28]). Serologic surveys subsequently conducted in several countries in the Arabian Peninsula and Africa have identified high rates of MERS-CoV-specific antibodies in camels (Hemida et al. [@CR43]; Perera et al. [@CR70]; Reusken et al. [@CR71]; Meyer et al. [@CR60]). Furthermore, researchers have found definitive proof that camels can be infected with MERS-CoV when viral genomic sequences were detected in nasal swabs collected in Qatar (Haagmans et al. [@CR42]; Nowotny and Kolodziejek [@CR66]), Saudi Arabia (Memish et al. [@CR58]), and Egypt (Chu et al. [@CR22]).

### Infection in camels {#FPar3}

Susceptibility of dromedary camels to and infection with MERS-CoV have been documented by the detection of high levels of antibodies to the virus and viral sequences in nasal swabs and lung tissues. Nevertheless, infection remained subclinical with only mild upper respiratory tract symptoms (Fig. [20.6](#Fig6){ref-type="fig"}) observed in some camels (Khalafalla et al. [@CR51]). Experimental infection of dromedary camels with a human isolate of MERS-CoV induced no systemic illness despite shedding of large quantities of virus from the upper respiratory tract (Adney et al. [@CR3]). It is therefore concluded that MERS-CoV causes no well-defined disease in camels.Fig. 20.6Symptoms of MERS-CoV infection in a 10-month-old dromedary camel

Emerging Bacterial Infections {#Sec11}
=============================

Brucellosis {#Sec12}
-----------

Brucellosis is one of the most important worldwide zoonosis affecting livestock and humans. The disease is regarded as one of the most widespread diseases in the world by the Food and Agriculture Organization of the United Nations (FAO), the World Health Organization (WHO), and the World Animal Health Organization (OIE).

### The Etiology {#Sec13}

Camels of both species (*Camelus dromedarius* and *Camelus bactrianus*) are highly susceptible to brucellosis caused by *B. melitensis* and *B. abortus*. However, too few bacteriological surveys have been conducted to draw conclusions on the relative importance of either species of *Brucella* in the etiology of camel brucellosis in the respective countries (Abbas and Agab [@CR1]). A recent report regarded brucellosis as a regionally emerging zoonotic disease in North Africa, the Middle East, and India (Gwida et al. [@CR40]). Camels are infected by *Brucella abortus* and *B. melitensis*, which cause abortion and infertility (Wernery and Kaaden [@CR82]). *B. melitensis* was isolated from camels in Iran, Libya, and Saudi Arabia; *B. abortus* was isolated in Sudan, Egypt, and Kuwait.

### The Disease in Camelids {#Sec14}

Serological surveys of camels conducted in many countries indicated that seroprevalence of *B abortus* ranged from 2 to15 %. However, recent reports showed a substantial increase in seroprevalence over the past few years (Ahmed et al. [@CR5]). The increase reached 37.5 % in some areas in Sudan (Omer et al. [@CR68]). Clinical disease was also reported (Musa et al. [@CR64]; Al-Majali et al. [@CR9]). Clinically, brucellosis in camelids induce symptoms similar to those in other livestock species. However, various researchers have noticed that abortion related to brucellosis is less in camels in comparison to other animals. Brucella infections in camels may cause stillborn calves, retained placenta, fetal death, mummification, reduced milk yield, delayed service age, and fertility (Wernery [@CR80]).

Paratuberculosis (Johne's Disease) {#Sec15}
----------------------------------

Johne's disease (JD), also known as paratuberculosis, is widespread, chronic, and debilitating disease that affects mainly ruminants and causes severe economic loss. Once animals are infected, the disease gradually advances toward its chronic form, which is characterized by granulomatous enteritis, progressive weight loss with diarrhea, and finally death.

### The Causative Agent {#Sec16}

*Mycobacterium avium* subspecies *paratuberculosis* (MAP) causes Johne's disease in domestic and wild ruminant and in camelids. A recent study by Ghosh and coauthors based on gene typing of MAP isolates from Saudi Arabia indicated that all isolates belong to the sheep lineage of strains, suggesting a putative transmission from infected sheep herds (Ghosh et al. [@CR34]).

### Disease in Camelids {#Sec17}

JD affects camels worldwide, causing characteristic clinical illness of severe diarrhea ending in death (Manefield and Tinson [@CR56]; Wernery and Kaaden [@CR82]) (Fig. [20.7](#Fig7){ref-type="fig"}). The course of disease is often more rapid than that in cattle (Higgins [@CR45]). Reports from Saudi Arabia described many deaths due to this disease. According to Gameel et al. ([@CR33]), nine camels died after displaying characteristic symptoms. The diagnosis was laboratory confirmed, and according to owners, 53 camels died in the field after showing typical symptoms. The disease continues to be reported as a serious and invariably fatal disease of the Arabian camel (Alharbi et al. [@CR8]). According to several reports, Johne's disease is considered an important emerging disease in dromedary camels in the Saudi Arabia and Gulf states.Fig. 20.7A 2-year-old camel affected with Johne's disease

Glanders and Melioidosis {#Sec18}
------------------------

Glanders in equids caused by *Burkholderia mallei* recently reappeared in Pakistan and Brazil in 2008 and 2009, respectively, and appeared for the first time in Kuwait and Bahrain in 2010 (Wernery [@CR79]; Roberts et al. [@CR73]). Recently, an outbreak of glanders that killed three dromedaries out of six was diagnosed in Bahrain (Wernery et al. [@CR84]). Melioidosis is a potentially fatal disease caused by the gram-negative bacterium *Burkholderia pseudomallei*. During 1990, seven out of 13 camels died from the disease in Queensland, Australia (Bergin and Torenbeck [@CR14]). Since then, at least four incidents of melioidosis-related camel deaths have been diagnosed in the northern areas of the Northern Territory in Australia, and a single case was reported from the UAE (Wernery et al. [@CR83]).

Dermatophilosis {#Sec19}
---------------

Natural *Dermatophilus congolensis* infection of camels has been reported, for the first time, in Kenya, Sudan, the UAE, and Saudi Arabia in the mid-1990s (Bornstein [@CR18], Gitao et al. [@CR35]; Wernery and Ali [@CR81]) (Fig. [20.8](#Fig8){ref-type="fig"}). According to camel owners in the Butana region of Sudan, this disease has never been observed before in their herds (Gitao et al. [@CR36]).Fig. 20.8Dermatophilosis lesion in a 3-year-old dromedary camel

Emerging Parasite Infections {#Sec20}
============================

Protozoal Infections {#Sec21}
--------------------

The most important and prevalent disease of camels, trypanosomiasis (Surra) caused by *Trypanosoma evansi*, has been reported from the Canary Islands, Spain, and recently from France (Molina et al. [@CR62]; Gutierrez et al. [@CR39]). *Eimeria* spp. have been introduced by importations of camels to Europe, e.g., *E. cameli* (Bornstein, personnel communication).

Ectoparasites {#Sec22}
-------------

Camels harbor several tick species, and some are important vectors of pathogens; protozoal, virus, and bacteria spp. cause tick paralysis and toxicosis (see above). However, their role of transmitting these pathogens to camelids seems to be much less important than it is to other animals and humans (Bornstein [@CR19]). Lately Alkhurma hemorrhagic fever virus (AHFV) was isolated in an *Ornithodoros savignyi*, the sand sampan, from Saudi Arabia (Charrel et al. [@CR21]). This soft tick has a wide distribution in arid lands and may lay dormant for long periods during harsh conditions. The tick infests many different hosts including camels as well as humans. The AHFV causes an extremely severe hemorrhagic fever in humans with a case fatality rate of \>30 %. About 20 human cases have been diagnosed with the infection in Saudi Arabia (Charrel et al. [@CR21]). The authors associate these or some of these cases with tick bite history.

The above is one of many examples of emerging diseases transmitted by ticks and other arthropods (phylum Arthropoda including the class Insecta). The AHFV belong to tick-borne flaviviruses, which are among the medically most important arboviruses in Asia and Europe. Some are very important as human and animal pathogens; others have not yet been associated with human or animal diseases. Changes in human behavior, animal husbandry, land use, and/or climate may change the actual geographical distribution pattern and transmission intensity. This is already taking place, and it is often related to the present climate change. Tick-borne flaviviruses and other arboviruses may increase in medical and veterinary importance as, e.g., in the case with bluetongue virus (see below).

Emerging Viral Diseases of New World Camelids (NWC/ SAC) {#Sec23}
========================================================

Increasing numbers of South American camelids (SACs), particularly alpaca (*Vicugna pacos*) and llama (*Lama glama*), are being imported to various countries outside of South America, including Europe, for wool (fiber) production, breeding, and as pack and companion animals. These newly introduced species have proved to be susceptible to "old" and new pathogens in their new environments.

Three viral diseases can be regarded as emerging infections in NWCs.

Infections with Bovine Viral Diarrhea Virus (BVDV) {#Sec24}
--------------------------------------------------

The BVDV is not limited to cattle, but may be detected in various species. There is documentation of infection of alpacas resulting in reproductive loss and illness. Kim et al. ([@CR52]) isolated BVDV from persistently infected alpacas and showed that unique genotypes of the virus may be maintained in the alpaca population even though camelids are susceptible to infection by other genotypes. There is clear evidence that the disease has been present in North American alpaca herds since at least 2001 and likely originated from BVDV-infected cows (van Amstel and Kennedy [@CR77]).

Bluetongue (BT) Disease {#Sec25}
-----------------------

The bluetongue virus (BTV) is an *Orbivirus* with 24 known sero-variants and is present worldwide. It exists in a broad band around the world covering large parts of the Americas, Africa, southern Asia and northern Australia (Mellor et al. [@CR57]). Occasionally it has occurred on the southern borders of Europe. The BTV is transmitted by midges (*Culicoides* spp.) and naturally infects domestic and wild ruminants. The disease is considered to be one of the most important infections of domestic livestock. It is quite severe in sheep, less so in cattle. In June 2006, BTV appeared in northern Europe for the first time (Carpenter et al. [@CR20]) and successfully wintered. Subsequently it caused substantial losses in livestock in 2007 and 2008. The virus has never previously occurred so far north anywhere in the world (Mellor et al. [@CR57]). The explanation to this dramatic change in the epidemiology of BT is many, but one is linked to the recent extension in the distribution of its main vector(s) *Culicoides imicola* and perhaps new *Culicoides* vector(s) and to the ongoing climatic change (Wilson and Mellor [@CR85]).

Alpacas and llamas are susceptible to BTV infections, but rarely show significant clinical signs. However, they remain infectious for several weeks and may thus serve as reservoirs of infection. Already Rivera et al. ([@CR72]) showed that camelids can be infected with BTV. About 100 sampled "healthy" alpacas were positive for specific antibodies against BVT. Although camelids are considered a "low-risk species," there are reports of cases, e.g., during the recent outbreak of BT in Europe 2007 (Henrich et al. [@CR44]). One alpaca in the area that was affected in Germany during this outbreak was infected within a radius of 5 km from clinically BTV-infected sheep (with high mortality) and cattle. Ortega et al. ([@CR69]) described a fatal BTV infection in an alpaca (*Vicugna pacos*) in California. Meyer et al. ([@CR59]) described a lethal BTV infection in llamas. Vaccines are available and are used for ruminants. They are not licensed for SACs but may be used (Zanolari et al. [@CR87]) and are recommended by many.

Coronavirus Infection {#Sec26}
---------------------

Recently, a novel coronavirus possibly associated with acute respiratory syndrome in alpacas in California, 2007, was reported (Crossley et al. [@CR24]). Despite epidemiological evidence of BVDV, BT, and coronavirus infections in NWCs, current knowledge regarding the impact of these diseases is incomplete.

Emerging Parasitic Infections of NWCs {#Sec27}
=====================================

The small liver fluke or the lancet fluke (*Dicrocoelium dendriticum*) is rarely found in camelids. However, natural infections with this intriguing parasite have been reported from a few countries in alpacas in Europe, Switzerland, Germany (Wenker et al. [@CR78]), and recently Sweden (de-Verdier et al. [@CR27]). Infection rates are most probably rel. high leading to rel. few but significant mortalities. Llamas and alpacas may act as aberrant hosts to some parasites. In the USA, e.g., llamas cohabiting with the common white-tailed deer (*Odocoileus virginianus*) may be infected with a meningeal worm (*Parelaphostrongylus tenuis*), a nematode-causing neurological disease in the aberrant hosts (Fowler [@CR32]).
